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I n t r o d u c t i o n  
A s p e c i a l  f e a t u r e  o f  l i q u i d  f u e l s  i s  t h e  h i g n  A-h-capacity p e r  
u n i t  volume and pe r  u n i t  weight .  A s  a n  exemDle one has  5.000 A-h 
p e r  l i t e r  methanol  a n d  a c a p a c i t y  as h i g h  as 1.000 A-h p e r  l i t e r  
i n  a 6 . 2  i:i methanol s o l u t i o n .  Th i s  compact form of  s t o r e d  energy 
o f f e r s  t h e  p o s s i b i l i t y  t o  use  such  1 i q u i d . f u e l s  n o t  on ly  i n  con- 
t i n u o u l y  o p e r a t i n g  f u e l  c e l l s  b u t  i n  pr imary type  c e l l s  ,also. Con- 
v e n i e n t  i s  t h e  p r a c t i c e  t o  combine a f u e l  e l e c t r o d e  viith a hydro- 
phobic  a i r  e l e c t r o d e  o p e r s t i n g  a t  ambient t empera tu re  and pressu-  
r e .  The A-h-capaci ty  of  such  a c e l l  i s  g i v e n  by t h e  volume of t he  
added f u e l  e l e c t r o l y t e  mixture .  I n  o p p o s i t e  t o  cor i i lercial  pr imary 
eel-1s l i q u i d  f u e l  a i r  c e l l s  can  be r e a c t i v a t e d  a f t e r  d i s c h a r g e  by 
renewing the  f!.iel e l ec tL .o ly t e  mix tu re  ( I  , 2 )  

Cells o f  t h i s  ty?e have  a l r e a d y  been c o n s t r u c t e d  and f i e l d  t e s t e d  
f o r  s e v e r e l  p r a c t i c a l  a p p l i c a t i o n s .  60 :? methsnol  a i r  b a t t e r i e s  
have been used t o  pov:er f l a s h i n g  bouys. .:kith 400 l i t e r s  f u e l  e lec-  
t r o l y t e  x i x t u r e  a s i g n a l  dev ice  w a s  s u c e s s f u l l y  ope ra t ed  f o r  more 
t h a n  one year  ( 2 ) .  Another  40 Vi b a t t e r y  h a s  been used i n  a c t u a l  
s e r v i c e  t o  power a T V  r e l a y  s t a t i o n  i n  Swi t ze r l and .  This s t a t i o n  
was p o s i t i o n e d  i n  7.00C: f t .  a l t i t u d e  where t h e  o u t s i d e  temperatu- 
r e  dropPed belov; - 22OP d u r i n g  w i n t e r  t ime.  A t  t h e s e  extreme wor- 
k ing  c o n d i t i o n s  a l s o  t h e  r a t e d  40 '4 could  be ob ta ined  because Of  
t h e  s e l e c t e d  methanol / forniate  f u e l  mix tu re  ( 7 ,  4 ,  5 ) .  
F o r  t h e  above mentioned a p p l i c a t i o n s  c u r r e n t  d e n s i t i e s  of  s e v e r a l  
mA/cm2 a r e  f e a s a b l e .  In  t h e  meantime, t h e  performance o f  t h e  hy- 
drophobic carbon d i f f u s i o n  e l e c t r o d e  used s o  f a r . h a s  been in- 
c reased  b y  more t i lan one o r d e r  of  magnitude i n  c u r r e n t  d e n s i t y .  
' J i t h  t h i s  new a i r  e l e c t r o d e  an  extended f i e l d  o f  a p p l i c a t i o n  was 
d i scove red .  Small  c e l - l s ,  e .g .  i n  form o f  a D-size c e l l ,  can  now 
be c o n s t r u c t e d  on t h e  b a s i s  of me thano l / a i r  o r  f o r m a t e j a i r .  I n  
coxpa r i son  t o  co~, r ! ie rc ia l  c e l l s  t h e s e  new e l e c t r i c a l  power sou rces  
have a h i g h e r  A-h-rate and can  be recharged  s e v e r a l  t imes .  I n  t h e  
f o l l o w i n g  a d e s c r i p t i o n  of  t h e s e  c e l l s  and expe r imen ta l  da t a  a r e  
g iven .  P o s s i b l e  l o w  power a p p l i c a t i o n s ,  e s p e c i a l l y  f o r  t r a n s i s t o -  
r i z e d  equipment a r e  d i s c u s s e d .  
C e l l  C o n s t r u c t i o n  
The basic  c o n s t r u c t i o n  scheme of a l i q u i d  f u e l  a i r  c e l l  i s  shown 
i n  f i g .  1 .  The D-size c e l l  has a me ta l  hous ing  ( s t a i n l e s s  s t e e l ) .  
The f u e l  e l e c t r o d e  i s  p r e s s e d  a g a i n s t  t h e  w a l l  of t h e  hous ing  by 
a p e r f o r a t e d  n i c k e l  s c r e e n .  The f u e l  e l e c t r o d e  c o n s i s t s  of a Sin- 
t e r e d  n i c k e l  f o i l  w i t h  a p l a t inum meta l  c a t a l y s t s .  1-5 mg/cm2 
a r e  e l e c t r o - p l a t e d  f r o m  a standard commercial  s o l u t i o n  of  pla- 
t inum/pal ledicm. The nob le  m e t a l s  are d e p o s i t e d  i n  a r a t i o  bf 
Pd:Pt = 4 : l  up t o  9: l  (compare r e f .  5 ) .  The ca rbon  oxygen e l e c -  
t r o d e  i s  f i x e d  i n  the  cap of  t h e  c e l l .  The carbon rod h a s  a 
channel  i n  the  c e n t e r  t o  f a v o u r  t h e  oxygen d i f f u s i o n  to and t h e  
n i t r o g e n  t r a n s f e r  f rom t h e  r e a c t i o n  zon'e. The a c t i v e  carbon 
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material is bounded by polyethylen which serves as hydrophobic 
agent also. The content of polyethylen ranges from 10 to 20 96, 
depending on the character of the solution, e.g. content of 
methanol. A silver plated nickel grid around the carbon rod 
serves as current collector. The electrical connections are 
given by the spring contact on the plastic cap (positive pole) 
and the metal housing (negative pole). 
The cell can be filled with 20 - 24 cm3 fuel electrolyte mix- 
ture through two openings in the cap. The A-h-capacity of the 
cell depends on the fuel concentration and on the fuel mixture 
usedt 7.5 M KOH + 5 M formate ...... 5 . 5  - 6.5 A-h 

9 Ivl KOH + 4 M methanol ..... 13 - 15.5 A-h 
In the alkaline electrolyte, methanol and formate are both con- 
verted completely to carbonate ions, In the reaction with metha- 
nol 2 O'ET ions are consumed and 6 electrons are delivered per 
molecule. In the case of formate only one OH- ion is used for 
tne conversion and two electrons are delivered. 
For a Seize dry cell ampere-hour values of about 3 are obtained 
at low current densities. We have also built cells with a 
plastic housing. In this construction the negative pole is 
situated at the bottom of the housing. Fig. 2 ehows two types 
of the D-size alcohol/air element and a plastic spare tube for 
refill. 
The principle of a free liquid electrolyte and a carbon air 
diffusion electrode can be used in combination with a consumable 
metal electrode as negative pole also. The liquid fuel and the 
f u e l  electrode than are replaced by a zinc or cadmium anode 
(in form of a foil or a powder). Such a metal air cell has the 
advantage of a higher operating voltage (1.0 to 1.2 volts). 
Current loads of 100 - 300 mA easily can be obtained. The A-h- 
capacity depends to a large extent on the concentration and on 
the volume of the electrolyte. To avoid heavy corrosion effects 
at the anode ZnO has to be added to the electrolyte of the zinc 
air cells. In opposite to commercial dry cells such a zinc air 
cell can be reused. This can be done by renewing the electrolyte. 
The number of cycles le determined by the weight of the zinc 
electrode and the current efficiency. 
Experimental Results 
hl fig. 3 th e diecharge curves of formate and einc/air cella 
are compared with that of a commercial dry cell. In the first 
part of the curve the dry cell shows a relatively hlgh operating 
voltage. But the output is decreasing almost linearly with time. 
BY the use of zinc and formate air celle very constant terminal 
voltages are obtained over the whole discharge period. Forther- 
more the A-h-capacity of the new air cells obviously exceede that 
of the dry cel1,weight and volume being almoBt the 8eme. 
At low temperatures (- 15OC) a small decrease in performmoo 
only is obeerved for all cells investigated (fig. 4 ) .  The celle 
with liquid electrolyte again show a much better volta e timo 
behaviour. Current efficienciee of 90 - 97 for formafe ana 
80 - 90 $ for methanol have been obtained. The A-h-efficiency 
depends of couree on the load and on the temperature. 
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For  some n p p l i c a t i o n s  i t  i s  a d v i s a b l e  t o  u s e  methanol / formate 
mixtures  as it h a s  been done i n  a b a t t e r y  s e t  f o r  s i g n a l  
d e v i c e s  ( 3 ,  A ,  5). Such a mix tu re  o f f e r s  a heavy load  p e r f o r -  
mance (due t o  t h e  added f o r m a t e )  combined w i t h  a b i g  A-h- 
c a p a c i t y  (depending  on t h e  methanol  c o n t e n t ) .  
D i scuss ion  of A p p l i c a t i o n s  
The s imple c o n s t r u c t i o n  and t h e  main tenance- f ree  o p e r a t i o n  o f  
I.io_uid f u e l  a i r  c e l l s  c l e a r l y  s u g g e s t  a s imi la r  f i e l d  o f  
a . g p l i c a t i o n  a s  i n  t h e  case  of d r y  c e l l s .  The f e a t u r e s  of  t he  
new b a t t e r y  a r e :  ea sy  r e a c t i v a t i o n ,  c o n s t a n t  d i s c h a r g e  v o l t a g e ,  
un l imi ted  s t o r a g e ,  and h i g h  A-h-capacity. The re fo re ,  many 
a p p l i c a t i o n s  a r e  p o s s i b l e  i n  s p i t e  of t he  r e l a t i v e l y  low t e r -  
mina l  vo l t age .  
The o p e r a t i n g  v o l t a g e  can  be i n c r e a s e d  by use  o f  an DC-DC- 
c o n v e r t e r .  By s u i t a b l e  ad jus tmen t  o f  t h e  c o n v e r t e r  e lements  i t  
i s  p o s s i b l e  t o  o p e r a t e  even w i t h  i n p u t  v o l t a g e s  of 0.5 - 
0.7 v o l t s .  Ye have  b u i l t  DC-DC-converters of  0.6 t o  6 v o l t s  
w i t h  c u r r e n t  o u t p u t s  o f  10 - 30 m k  which have more t h a n  60 $ 
e f f i c i e n c y .  The c o n v e r t e r  can  be p l a c e d  i n  t h e  b a t t e r y  hous ing ,  
e.g.  i n  t h e  cap.  Weight and volume o f  a power s e t  a r e  dimini-  
shed  by such  a combina t ion  of pr imary  c e l l  and c o n v e r t e r .  In 
some cases  i t  w i l l  be advantageous  t o  connec t  two c e l l s  i n  
s e r i e s  i n  o r d e r  t o  o b t a i n  b e t t e r  c o n v e r t e r  e f f i c i e n c i e s .  
According t o  t h e  s p e c i f i c  q u a l i t i e s  d e s c r i b e d  t h e  new power 
s o u r c e  can f i n d  t h e  f o l l o w i n g  a p p l i c a t i o n s :  
( i )  p o r t a b l e  t r a n s i s t o r  r a d i o s ,  t a p e  r e c o r d e r s ,  walkie-  

t e l k i e - s e t s  
( i i )  equipments which r e q u i r e  a c o n s t a n t  d i s c h a r g e  v o l t a g e ,  

e .g .  e l e c t r i c  c l o c k s  
(iii) everywhere,  if a n  u n l i m i t e d  s t o r a g e  i s  r e q u i r e d . .  

In  t h i s  c a s e  t h e  c e l l  cou ld  be s t o r e d  w i thou t  e l e c t r o -  
l y t e .  
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Fig. I Liquid fuel air cell cross section 
(11 metal housing 
( 2  fuel electrode 

Fig. 2 View of two liquid fuel air cells and of a D-size 
d r y  cell 
le&: plastic housing, 

3 right: metal housing 
in front: plastic spare tube with 20 cm 
fuel/electrolyte mixture 
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:?it:. 3 Discharge  v o l t a g e s  o f  a i f f e r e n t  c e l l s  a t  20°G; 
d r y  c e l l :  1 , 5  V IEC 9 20 c u r r e n t  150 I ~ A ,  
z i n c :  c o i m e r c i a l  z i n c  shee t / ca rbon  air 
10 1%: KO9 + 36 g ZnO p e r  l i t r e  c u r r e n t  150 mh, 
fo rma- t e :  formate /cerbon a i r  f u e l  c e l l  7 5 ; i .r(':-.: I . u . . .  i. 5 I'd ECOOK t h i r d  charge  c u r r e n t  '(5 mA 


